Provisional prosthetic restoration materials are exposed to oral cavity producing on the surface biofilm where different factors such as surface roughness and porosity can condition their formation and organization and can create stagnation areas that promote the bonding of organic particles, thus facilitating the formation and maturation of the biofilm. The purpose of this study was to compare surface roughness of two provisional prosthetic restorations materials and their bacterial susceptibility. In this study, two provisional restoration materials were used in two groups, A polymethyl methacrylate acrylic (NicTone MDC DENTAL) and B bis-acryl resin (Protemp 4 ESPE 3M). A total of 80 samples (40 samples of each material) were in thick plates of 10 × 10 mm and 2 mm high. 20 samples of each material were polished, while 20 were left unpolished. Subsequently, the samples were observed by Atomic Force Microscopy for their evaluation of surface roughness. The values were analyzed with t-test, Mann-Whitney U test and Kruskal Wallis test. The samples were microbiologically inoculated with the strains obtained and identified from a provisional polymethyl methacrylate acrylic restoration in a patient, in order to observe bacterial adhesion using a Scanning Electron Microscope. Two strains, Enterococcus faecalis and Pseudomona luteola, were identified. The presence of the microorganisms was observed on the surface of both materials, either polished or unpolished, with a lower level of microorganism adhesion found on the bis-acrylic resin. There was a significant difference about surface roughness in the groups A and B with p < 0.05; meanHow to cite this paper: Lara-Jara, N.U., Romo-Ramírez, G.F., Goldaracena-Azuara, M. del P., Aragón-Piña, A., Butrón-Téllez Girón, C., Méndez-González, M.V. ). We found that the polished bis-acrylic resin showed lower surface roughness and bacterial adhesion in comparison with the polymethyl methacrylate.
Introduction
Treatment with fixed prosthesis requires the prepared teeth to be protected and stabilized with a provisional restoration that resembles the form and function of the definitive treatment planned [1] .
Multiple areas of particular concern with the use of provisional restorations have been identified, including aesthetic, comfort, phonetic and functional issues, as well as ones related to maxilomandibular areas and periodontal health [1] .
The materials available for the production of provisional prostheses include polymethyl methacrylate, polymethyl methacrylate and bis-acrylic resin [2] , as well as polyvinyl methacrylate, urethane methacrylate and microfill resin [3] . The principal requirements for provisional materials are as follows: an adequate marginal adaptation; fracture resistance; low thermal conductivity; a non-irritant reaction with dental pulp and gingival tissue; and, ease of cleaning [2] . The majority of the bacteria in the oral cavity can only survive if they adhere to its various hard surfaces (the tooth itself, filling material, dental implants or prosthesis), all of which have different surface characteristics [4] .
The fixings of certain microorganisms to specific surfaces in the oral cavity and the formation of dental plaque on either the tooth or dental materials are the primary causes of oral diseases such as denture stomatitis, gingival inflammation, and secondary cavities [5] [6], all of which can lead to serious health complications [5] .
For this reason, bacteria are of considerable importance in the early formation of plaque, not only on the natural tissue of the teeth, but also on modern resin-based restorative dental materials [7] . Thus, the surface of the provisional crown or fixed prosthesis must be sufficiently soft in order to be comfortable, aesthetically pleasing and capable of avoiding both stains and the accumulation of plaque [5] . For this reason, the appropriate finishing and polishing of dental materials are important aspects in the procedures involved in clinical restoration [6] .
Considering that bacterial adhesion on hard dental surfaces is followed by the accumulation of dental plaque, in which process surface roughness and free surface energy play a key role [4] [8] , changes in these clinically important variables can have a significant influence on bacterial adhesion and retention [7] . N. U. Lara-Jara et al. It has been shown that rough acrylic resin surfaces are significantly more prone to the accumulation of bacteria and the formation of plaque than soft surfaces [9] . Thus, the objective of this study was to compare the surface roughness of two fixed provisional prosthodontic materials (polymethyl methacrylate and bis-acrylic resin), based on their susceptibility to bacterial adhesion of microorganisms obtained from the provisional crowns of a patient through the use of the Scanning Electron Microscope (SEM) and Atomic Force Microscopy (AFM).
Materials and Methods
An in vitro experimental study approved by the Ethics in Research Committee of the Faculty of Stomatology at the UASLP, with the code CEI-FE-058-015, while the hazardous biological infectious waste was treated in accordance with Official
Mexican Standard 087-ECOL-SSA1-2012. One operator polished all the samples, was blinded to the material that was being polished. The samples were all polished in the same orientation, and all were observed for surface roughness along the same orientation. After polishing, each sample was rinsed under distilled water and dried on plates over absorbent paper.
Preparation of the Samples

Atomic Force Microscopy (AFM) Analysis
All samples were evaluated at the same scan size (1 ×1 μm 2 ), by triplicate in different areas, of all selected the mean roughness obtained for each sample were used for the statistical analysis. The evaluations of the samples surface roughness were carried out using an AFM (Jeol JSM-6610LV; Jeol Ltd, Akishima, Tokyo, Japan) in the tapping mode. The Nanoscope 5.31r1 software was used to measure the AFM parameters.
A descriptive statistics was performed for the surface roughness of all subgroups. T-test and Mann-Whitney U tests were used to compare the difference within groups. Kruskal Wallis and the Bonferroni test for post-hoc to compare the subgroups. R program version 3.5.0 was used for statistical analysis. Statistical significance was set at p < 0.05.
Obtaining the Microorganisms
Samples were taken from a fixed provisional polymethyl methacrylate-based prosthesis in a patient for the cultivation and identification of the microorganisms.
The fixed provisional prosthesis was removed from the patient under relative isolation, softly brushed and washed with sterile distilled water, from which a portion was cut from the provisional prosthesis with a low speed handpiece with a diamond disc burr. The sample obtained was placed in an enriched culture medium (trypticasein soy broth) and incubated for 24 hours in order to obtain a mixed culture (primary culture). 
Innoculation of the Samples
The microbiological inoculation of the samples with the strains identified was carried out by placing them in a liquid culture medium of trypticase in soy broth and incubating them for 48 hours at 35˚C ± 2˚C, with the trypticase in soy broth liquid culture medium replaced every 24 hrs for 15 days in order to facilitate posterior observation in the SEM. 
Preparation of the Samples for Observation in the SEM
Results
Characteristics of the surface roughness (Ra) values of all materials were performed for each subgroup (Table 1 ). There were statistically significant differ-N. U. Lara-Jara et al. .
The results for the samples taken from the patients in accordance with the macroscopically and microscopically identified colonies revealed two types, identified as Enterococcus faecalis and Pseudomona luteola with the apiweb software, obtaining the percentages shown in Table 3 .
The images obtained in the SEM from group A (polymethyl methacrylate) and group B (bis-acrylic resin) polished and unpolished showed microorganism Polished bis-acrylic resin* 6.7 ± 0.5 6.9 0.6 *Non-normal distribution. The image (Figure 1(a) ) presents the topography of the unpolished bis-acrylic resin, showing rough areas and, on the edges, grooves and cracks which facilitate the colonization, as indicated with arrows. An enlargement of the area ( Figure   1 (b)), shows metabolically active bacterial settlements in this area, with imperfections on the surface. In Figure 1 (c) and Figure 1(d) , a polished bis-acrylic resin is observed, with a more regular surface on which some microorganisms are distributed. 
Discussion
The differences in the physico-chemical characteristics are the reason that some materials are more prone to bacterial adhesion and the formation of plaque than others. Rough surfaces and free surface energy are the two most significant determinants of bacterial adhesion [10] .
The oral cavity is constantly contaminated by a complex diversity of microbial species with a strong tendency to colonize surfaces [11] [12], with the adhesion of said organisms to the rough surfaces of the mouth facilitating their survival
[13] [14] . The primary colonizing microorganisms of the surfaces, which are causes of oral diseases, are from the Streptococcus mutans and Streptococcus sobrinus group [15] . Both Buergers et al. [5] and Montanaro et al. [16] reported in vitro studies that quantify adhesion to various materials. These studies used these microorganisms with commercial strains, specifically Streptococcus mutans, to inoculate provisional restoration materials such as bis-acrylic resins, polymethyl methacrylate and direct restoration materials, using techniques to determine their roughness and an SEM to observe the presence of colonization on their surface.
This study used strains from a polymethyl methacrylate-based provisional restoration thus eliminating the presence of enamel on the surface removed N. U. Lara-Jara et al. Buergers et al. [5] reported that the quantity of bacterial adhesion was significantly different among the provisional materials studied and that it was not possible to confirm a correlation between bacterial adhesion and surface roughness. Furthermore, bis-acrylic resin and polymethyl methacrylates were shown to have significantly lower adhesion potential than most methacrylates.
The results in our study indicate the lower potential of bacterial adhesion in the group of bis-acrylic resin in comparison with the polymethyl methacrylate group. However, evaluating the surface roughness of the subgroups, the unpolished bis-acrylic resin was rougher than the unpolished polymethyl methacrylate although in this last one was observed that its high potential bacterial adhesion had no influence in its roughness whereby the variability in microorganisms colonization could depend of the substrate.
Knowledge as to how the surface of dental materials affects the accumulation and proliferation of a number of species of microorganisms is useful, as it would provide information on how to take a decision on the alternatives for the manufacture of a provisional restoration. It will also provide a perspective on the interaction between these materials and microorganisms during their lifespan in the oral cavity, as the rough surface, to a greater or lesser degree, will facilitate the accumulation of microorganisms and particles.
Conclusions
The microorganisms identified from a polymethyl methacrylate acrylic-based restoration are not the same as the primary colonizers found on dental surfaces, due to the difference in their affinity with the substrate.
Within the limitations of this study, the following conclusions were drawn: 1) Surface roughness was different according to the type of prosthetic provisional restoration materials and the polishing procedure.
2) The samples of polymethyl methacrylate group showed a greater bacterial N. U. Lara-Jara et al. 
